Objective To test Calcium ion(Ca 2 + )flow at the head and end of outer hair cells (OHCs) in resting state and in response to Nimodipine treatment. Methods Non-invasive micro-test techniques were used to study Ca 2 + in isolated OHCs in adult guinea pigs. Results Four types of Ca 2 + transport were identified in OHCs on basilar membrane tissue fragments: influx at the head of with efflux at the bottom(type 1): efflux at the head of OHCs with influx at the bottom (type 2); influx at the both head and bottom (type 3); and efflux at the both head and bottom (type 4). However, only type 1 and type 3 of Ca 2 + ion transport were detected in the cochlea. We propose that Ca 2 + ion transport exists in adult guinea pig cochlear OHCs in resting state and is variable. Ca 2 + flow in OHC can be inhibited by Nimodipine in resting state.
Introduction
Normal mammalian hearing relies upon active cochlear function. Outer hair cells(OHCs) play a critical role in the sensitivity of mammalian hearing because they generate mechanical forces for the amplification of acoustic stimulation [1] .
Their ability to contract or elongate following changes of the intracellular potential is called electr-omotility [2] . There is a close relationship between auditory mechanisms and ion exchange in outer hair cells. One important ion is Ca 2 + [3] .
Previous research has focused on the ion and ion channels involved in mechano-electrical transducer mechanisms by patch-clamp techniques, but the mechanism of ion transport and their overall levels in resting OHCs are not yet known. In this study, we studied Ca 2 + ion flow and the overall level of ions transport in OHCs using a non-invasive micro-test technique (NMT). [4] [5] . The cochlea was opened and the basilar membrance was isolated using a sharpened nee• dle and then incubated with collagenase Ⅳ in the standard extracellular solution for 5-7 min to dis• sociate OHCs. The dissociated OHCs were trans• ferred to the 35 mm glass bottom dishes for re• cording. All steps were performed at room tem• perature (20-23℃).
Materials and Methods

Animal Materials
Measurements of Net Ca 2+ Fluxes with NMT
Net fluxes of Ca 2 + were measured noninvasively using NMT (BIO-IM, YOUNGERUSA, LLC, Amherst, MA 01002, USA)
as described by Newman [6] . between the two points, and dx is the distance between the two points [7] , data were processed to obtain the ion mobile rate and unit(pmol/cm 2 .s).
Test temperature was 20-23℃. [8] [9] .
Results
Ca 2+ flow in isolated OHCs
In the current study, NMT was used to mea• sure Ca 2 + ions flow in isolated guinea pig cochlear cells, basement membrane organization and HEK293T cells in resting state and in response to nimodipine treatment.
Calcium ion transport mode of the OHCs in resting
As we know, Ca 2 + is an important ion to main• tain life activities in organisms [10] [11] . There are mul• tiple Ca 2+ channels on the membrane of OHCs, in• cluding mechanically gated channels on the cilia, voltage-gated channels, ligand gated channels, Ca 2 + pumps, Na + -Ca 2 + transporters and other channels on the cell lateral wall [4] . At the same to the intracellular space [12] . However, the mode and level of Ca 2 + ion trans• port in the cochlear OHC and basilar membrane organization at resting are still unknown. Some in• dicate that a small Ca 2+ current can be detected in the OHC in lower vertebrates at room tempera• ture, although difficult to get in mammals [6] . In The diverse Ca 2 + ion transport trends seen in this study may be due to the following reasons: first, mechanical and chemical damages by digestive enzymes sustained by isolated OHCs in the pro• cess of dissection [7] ; second, variation of the tem• perature and pH environment and concentration of test solutions during the experiments; and final• ly, variable time lapse between OHC preparation and testing. We used collagenase Ⅳ to minimize the cell damage as some scholars believe that col• lagenase causes less damage to OHCs [8] .
Basilar membrane fragments showed similar 
Ca 2+ flow in different concentrations of solution
Previous studies have reported difficulties in measuring Ca 2 + currents in mammal OHCs [13] . Is the large ion velocity measured in our study real?
To answer this question, test solutions of differ• ent Ca 2 + concentrations were used to test cells of the same length, and Ca 2+ flows were recorded in all samples. Also, recorded ion currents were smaller in the 0.2 mM / L solution which con• tained of Ca 2 + compared to the 2 mM / L solu• tion. .We recorded Ca 2 + transport in cochlea pillar cells and HEK293T cells, although the flow inten• sity was lower than that in OHCs. This is consis• tent with the theory that HEK293 cells have no voltage-dependent Ca 2 + ion channels, but only a small amount of ligand gated Ca 2+ channels [14] .
Impact of nimodipine on Ca 2+ flow
We used nimodipine to analyze the composi• tion of Ca 2 · + · currents. Only a few sample demon• strated activities after nimodipine treatment, and OHCs were significantly inhibited or sometimes Ca 2 + flows were reversed. Nimodipine is a Ca 2 + channel antagonist that specifically block L-type Ca 2 + channel [15] . To our knowledge, L-type Ca 2 + channel is a voltage-gated Ca 2 + channels activat• ed when the membrane depolarizes(-30 · · 95
Journal of Otology 2010 Vol. 5 No. 2 to -40mV) and can be rapidly inactivated. Be• cause of the inadequate amount of samples in this study, whether nimodipine block the Ca 2 + flow in OHCs in resting state and the mecha• nisms of potential blocking cannot be determined and remain to be further studied.
